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Abstract 
Contaminated sediment is a major environmental problem in numerous sites across the 
United States. The sites require costly treatment to effectively remediate the sediment or to 
prevent contaminants from entering the water column. With this in mind, capping of 
contaminated sediment has emerged as the preferred treatment design as it is more cost effective 
and effectively isolates the contaminants in-situ. Powdered Activated Carbon (PAC) is 
commonly introduced in capping designs due to its high sorption capacity of organic 
contaminants. However, its low bulk density and fine particle size result in significant carbon 
resuspension during cap placement. In previous studies, Protein Polysaccharide Biopolymers 
(PPBs) have shown the ability to enhance sand cohesion and reduce water turbidity when added 
to sand, sand/PAC mixtures and sediment. The present report provides additional experimental 
and modeling results focused on the effects of PPB treatments on PAC placement in a sand 
matrix. The laboratory test results indicate that sand/PAC mixtures treated with PPBs exhibit an 
increase in cohesion, and a > 93% reduction in water turbidity. The PPB treatment also results in 
a homogeneous mixture of sand and PAC that remained homogeneous when placed in a water 
column. At the end of a 40-yr run, CapSim modeling results indicate that contaminant porewater 
concentrations at the top of a sand/PAC cap were approximately 20% lower when a 
homogeneous sand/PAC layer was present (PPB-treated case) than when stratified sand and PAC 
layers are present (untreated case). This indicates that having a homogeneous layer of sand and 
PAC as a result of the PPB treatment provides more effective contaminant adsorption, thereby 
reducing recontamination risks of the water column even  after decades of cap installation. The 
results of the study indicate that PPB-treated sand/PAC is a promising method for the design of 
effective and less erosion-prone sediment capping systems. 
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1 Introduction 
 
1.1 Contaminated Sediment Introduction 
There are many sites across the United States that contain sediments with various 
environmental contaminants, including heavy metals, Polychlorinated Biphenyls (PCBs) and 
Polycyclic Aromatic Hydrocarbons (PAHs). Since December of 2012, the Environmental 
Protection Agency (EPA) has designated at least 70 large scale contaminated sediment sites that 
require remedial action and are investigating another 50 sites that may also require cleanup (EPA, 
2013). These contaminated sites present issues of concern regarding risks to both human health 
and ecological communities in the benthic (water) layer. Conventional remediation strategies for 
contaminated sediment include natural recovery and source control, excavation, and in-situ 
treatment. Sediment capping, which is one type of in-situ remediation, has emerged as the 
preferred remedy due to its lower cost, lower risk of sediment resuspension compared to dredging 
or removal, and its reduction of handling and exposure to the contaminated sediment (Reis et al, 
2007). 
1.2  Sediment Capping Design and Application 
Various technologies for sediment remediation, both in-situ and ex-situ have been 
developed and applied on contaminated sites. A leading remedial technique for contaminated 
sediment is to “cap” the sediment in-situ with a layer of sand, and more recently, with amendments. 
The sand and amendments help keep the contamination contained in the sediment layer and 
prevent contaminant transport to the water column and benthic layer where aquatic species and 
organisms live. As a result, capping has emerged as a preferred remedial design for sediments due 
to its ability to sustain risk reduction long term under optimal conditions, its low cost compared to 
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sediment dredging and disposal, and its in-situ placement and management capabilities. The EPA 
has suggested that the main parameters for cap designs should focus on minimizing cap erosion, 
reducing contaminant resuspension into the water column, and accounting for sediment 
consolidation (Lampert & Reible, 2009). Based on the thickness of the sediment for a specific site, 
the cap thickness should be designed so that the bearing capacity of the sediment is not exceeded 
to avoid failure in that layer. Erosion and slope stability, and contaminant or cap resuspension 
remain major design considerations. These parameters depend on multiple site characteristics such 
as current velocity, upward hydraulic gradient due to groundwater flow, and contaminant 
migration as a result of diffusion, advection, and gas migration (EPA, 2013) 
1.3  Cap Amendments and Current Limitations 
Due to the need to isolate contaminants from the water column and benthic layer, more 
complex underwater sites require amendments to sand to enhance isolation and provide treatment 
processes for the reduction and immobilization of harmful compounds, which migrate through the 
cap layer. Depending on the amendments added, cap effectiveness has demonstrated increases of 
1 to 2 orders of magnitude and can be integrated and mixed with the sand before field placement 
(EPA 2013). There are a wide variety of cap amendments available commercially depending on 
site needs, but one preferred amendment is Activated Carbon. Activated Carbon is an effective 
option for contaminant resuspension and migration reduction due to its strong sorbent properties. 
Both Powdered Activated Carbon (PAC) and Granular Activated Carbon (GAC) have been used 
in capping designs with mixed results. PAC may be more effective than GAC due to its higher 
sorption rate of environmental contaminants through its larger surface area and higher number of 
sorption sites. However, its lower density makes field placement more difficult because higher 
quantities of PAC particles can become suspended in the water column compared to GAC (EPA, 
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2003). As a result, while PAC improves contaminant retardation, integrating PAC into cap designs 
increases resuspension risks and requires additional cohesive amendment for optimal placement. 
1.4  Protein Polysaccharide Biopolymer as a Possible Sediment Amendment 
With the current need for innovative approaches to enhance PAC integration into capping 
designs, one promising amendment has been developed by Dr. Amine Dahmani of Samarcel, LLC. 
This in-situ amendment uses Protein Polysaccharide Biopolymers (PPB) to increase stabilization 
of sand-based capping of sediments (Dahmani et al, 2018). The amendment formulations are made 
up of protein extracts and polysaccharides that react abiotically with the materials they come in 
contact with. The PPBs also act as bio stimulants to accelerate the production of biotic exudates 
from microorganisms in the benthic layers of underwater sites. More generally, the effect of natural 
biopolymers on sediment cohesion has been researched, and studies show that there is a positive 
correlation between the presence of the organic biotic exudates and soil stability (Rillig, 2005).  
A previous study conducted at the University of Connecticut (UCONN) assessed the 
impact of PPB on the shear strength of sand samples. The PPB formulation tested was named SED-
1. The main test conducted on these sand samples was the Direct Shear Test, a standardized testing 
method (ASTM D3080 – Standard Test Method for Direct Shear Test of Soils under Consolidated 
Drained Conditions) that is used to determine the shear strength of soil at various normal effective 
stresses. Through a Direct Shear test, a Mohr-Coulomb failure envelope can be developed for a 
given soil. From this, the cohesion and friction angle, two parameters of shear strength, can be 
obtained as illustrated below: 
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s = c′ + ơ′ ∗ tan (ɸ′) 
where: 
ơ′ = effective normal stress  
c′ = soil cohesion  
ɸ′ = soil friction angle  
s = soil shear strength 
By taking measurements of shear strength using a direct shear test at different normal 
effective stresses, a graph correlating shear strength and normal stress can be generated to yield 
cohesion and frictional angle values. Soil cohesion is the strength resulting from bonding forces 
between soil particles and friction angle represents the friction forces formed between soil 
particles. Both are directly proportional to shear strength and can be used to assess the overall 
strength of the soil and its resistance to applied horizontal and vertical forces. Soil cohesion is 
taken as the y intercept value of the best fit line in a Mohr-Coulomb graph and the frictional angle 
is computed by taking the inverse tangent of the calculated slope. Figure 1 illustrates the forces 
applied on treated and untreated sand specimens during a direct shear test and graphically shows 
how testing numerous normal stresses generates a Mohr-Coulomb failure envelope to assess shear 
strength.  
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Figure 1. (a) Diagram of direct shear container with applied horizontal and vertical forces; (b) graph of shear stress 
values obtained vs normal stress (Mohr-Coulomb failure envelope) (Das, 2015) 
 
Study Results: 
Sand samples with and without PPB treatment were tested. After adjusting moisture 
content in the samples with 20% tap water by weight, they were cured for 24hrs at 35ºC in a heating 
oven. Four different normal effective stresses were applied for all tests to generate comparable 
Mohr-Coulomb failure envelopes for the various treatment scenarios, as shown in Figure 2 below.  
Table 1. Polymer concentration and shear stress of saturated SED 1 samples 
Polymer Concentration (SED 1) Shear Stress (psi)  
                   0% (Control)         0.93 
                   0.5%         4.60 
                   1.0%         8.90 
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Figure 2. Mohr-Coulomb Failure Envelopes for Treated and Untreated Sand Direct Shear Tests (Ligeikis, 2017) 
 The sand tests described above illustrate a clear increase in both shear stress and sand 
cohesion as the dosage of PPB treatment on the samples increased, indicating a positive correlation 
between PPB dosage and sand cohesion.  
Testing was also conducted on sediment from a shallow creek in southern New Jersey to 
assess the PPB’s ability to reduce turbidity and Total Suspended Solids (TSS) in water/sediment 
mixtures. The results showed 76% reduction of turbidity and 87% reduction of TSS in treated 
samples vs untreated, indicating the potential application of PPB as a soil amendment to minimize 
resuspension of sediment in the water column (Dahmani et al, 2019).  
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2 Experimental Approach 
Capping of contaminated sediment has emerged as the preferred remedial alternative to 
minimize impact on ecological environments and human health. The main parameters involved in 
cap designs are erosion reduction/slope stability and resuspension of particles into the water 
column. Different amendments have been tested and utilized in capping designs, such as PAC, to 
help mitigate contaminant transport to the water column. Limitations exist however, due to the 
difficulty of in-situ placement of the amended cap material from insufficient cap cohesion, when 
PAC is integrated into the sand layer. PPB technology has been effective in increasing cohesion 
in sand samples, including PPB SED-3, the primary protein polysaccharide  biopolymer analyzed 
in this study. (Dahmani, et. al., 2018). PPBs have also shown to be effective in reducing turbidity 
in sediment/water mixtures by over 75% (Dahmani et al, 2019). 
The goal of this thesis is to evaluate the use of PPBs to enhance the placement of PAC 
in a sand matrix. To conduct this evaluation, the study performed includes experimental testing 
of 3 differently manufactured PAC amendments and a modeling evaluation using the CapSim 
model developed by the Reible Research Group at Texas Tech University. The methods for the 
evaluation include measuring carbon resuspension for treated and untreated sand/PAC samples, 
quantifying soil cohesion for treated vs untreated sand samples, and conducting an analysis of the 
concentration profile in sand caps of various contaminants for treated and untreated scenarios using 
CapSim. Potential suspension of PAC in the water column was evaluated using turbidity 
measurements and corresponding suspended carbon percentages in the liquid phase of treated and 
untreated sand/PAC samples. Direct Shear testing was performed on treated and untreated samples 
to assess the PPB treatment impact on sand erosion resistance. After experimental testing was 
completed, the Capsim model was used to estimate the concentration profile of three contaminants 
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for two scenarios; stratified sand and PAC layers, and a homogenous sand/PAC layer since PPB 
treated samples produce a homogenous sand/PAC cap layer, as shown in the Figure below).  
 
Figure 3. Untreated sand/PAC mix (left) vs PPB treated sand/PAC mix (right) 
3 Methodology  
 
3.1   Direct Shear Testing 
A Direct Shear Test is a standardized test used to develop a Mohr-Coulomb failure envelop 
for any given soil or sediment. As mentioned above, a failure envelope can derive values of friction 
angle and cohesion of samples tested, which are important components for analyzing the stability 
or cohesion of soils.  
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3.1.1 Sample Preparation 
In order to conduct a direct shear test, the soil samples first required preparation. All 
samples were tested with a 20% moisture content in order to simulate the moisture content used 
for the PPB treatment. 20% provides nearly saturated conditions for the sand samples. The sand 
used in the experiments was the Saxton Falls sand from a sand pit in New Jersey. The sand has a 
bulk density of 1.66g/cc. General Carbon (GC) PAC was used as a soil amendment during testing. 
It has a bulk density of 0.5g/cc. The control sand/PAC samples did not have PPB treatment. The 
PPB-treated samples had a SED-3 dosage of 0.5% by weight. The sand materials were mixed 
homogenously by adding 5% PAC by weight to sand, followed by 0.5% SED-3. Once stirred, 20% 
water by weight was added to the mixtures. The sample were then mixed again and  placed into 
the direct shear box for testing as shown in Figure 4.  
 
 
 
 
 
                   
 
                                     Figure 4. Example of sand mixture in shear box 
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3.1.2 Direct Shear Apparatus and Testing 
The shear box containing the prepared sample was placed into the direct shear apparatus. 
The box was tightly secured so that there is no loosening or movement of the box during shearing. 
Once fastened, a weight was added that directly corresponded to a vertical normal load. Once the 
Direct Shear Test was activated via software, the vertical load was applied as a normal stress on 
the sample. At the same time, a horizontal stress was also applied on the sample. The horizontal 
stress was applied to the top of the sample, while the bottom part remained held in place. This 
resulted in a horizontal shearing on the sample, during which the software recorded and measured 
horizontal displacement. The sample continued to be sheared until a maximum shear value was 
reached (maximum point on a shear stress vs displacement curve displayed in the software). The 
load was converted to shear stress, from which the maximum was recorded. In order to develop a 
Mohr-Coulomb graph, multiple test runs using various weights/normal loads were required. 
Testing for this project used 4 different weights: 6.95, 13.89, 20.83, and 27.78 psi respectively. 
The resultant maximum shear stresses were plotted against these normal stresses in excel. A linear 
regression was then produced, from which cohesion and friction angle values could be measured 
as discussed above.  
All direct shear testing was conducted in accordance with ASTM method D3080. The 
horizontal displacement rate used during testing was 0.02in/min and data was collected at an 
interval of 2 seconds for every test. The figure below illustrates the apparatus used for direct shear 
testing. 
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                             Figure 5. Direct Shear Instrument 
3.2 PAC Visualization Testing Methodology 
In order to assess the PPB treatment impact on PAC dispersion, turbidity and 
visualization tests were performed to both qualitatively and quantitively analyze the 
amount of carbon suspended in the water phase during and after placement of PPB-treated 
and untreated sand/PAC mixtures through a water column.  
3.2.1 Turbidity Testing 
Turbidity measurements were taken in 1L glass graduated cylinders filled with water. 
The sand/PAC/SED-3 mixture had a total mass of 100 grams. For each test, dry Saxton 
Falls sand was weighed and mixed with appropriate amounts of PAC and SED-3 if the 
sample was treated. The mixture was stirred until homogenous at which point 20ml of 
water (20% moisture) was added to the sample and mixed thoroughly. The cylinders had 
water filled to the 1-L level before placing the sand/PAC or sand/PAC/PPB mixtures in the 
water. Once the mixtures were placed in the water column, a timer was started, and water 
samples were taken at various time intervals in 40ml vials to measure turbidity using a 
Hach 2100N turbidimeter (shown in Figure 6). Turbidity measurements were taken at 
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5min, 30min, 60min, and 24hr intervals to assess particle suspension trends over time. 
Pictures were also taken to visually assess how the sand/PAC and sand/PAC/PPB mixtures 
deposited at the bottom of the columns.  
 
 
 
 
 
 
 
          Figure 6. Turbidity Measuring Instrument.  
3.2.2 PAC Concentration and Mass Calibrations and Measurements 
Using the turbidity values at various time periods, calculations were made for 
suspended carbon concentration, suspended carbon mass, and percent reduction in 
suspended carbon (treated vs untreated). A PAC vs turbidity calibration curve was 
developed at PAC concentrations of 0% (control), 0.01%, 0.017%, 0.034%, 0.067%, 
0.1%, 0.134%, 0.167% and 0.234%. A linear regression line was developed from this 
data to obtain the concentration of carbon in the water phase (in g/L) for each sample 
during testing. Percent settled carbon was also calculated as 1-% suspended carbon.   
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3.2.3 Water Column Visualization Tests 
In order to visually assess the effect of the PPB SED-3 treatment on PAC dispersion 
in the water column during sand cap placement, optimum SED-PAC sand samples 
(based on turbidity and PAC dispersion) and untreated Sand/PAC control samples were 
placed in 1-L graduated glass cylinders filled with tap water. The samples were 
prepared in the same way as described above. The SED-3/PAC/sand sample and the 
control PAC/sand sample were gradually added to two separate graduated cylinders 
filled to the 1-L level with tap water. Pictures and a video were recorded that focused 
on the water columns during placement. The videos were paused to capture images of 
the conditions of the water columns at different times throughout the process.  
3.3 CapSim Modeling Methodology and Design Inputs 
CapSim software was used to estimate the concentration profile of three 
encountered environmental contaminants in sand caps. CapSim is traditionally used in 
the environmental industry to model contaminant movement through caps for design 
purposes under a wide range of conditions. For the design purposes of this project, 
certain assumptions and conditions were required, and are stated in the design process 
below.  
1) Chemical Name: Phenanthrene, Methylmercury, and Mercury were chosen as the 
target contaminants to model since they are common sediment contaminants (heavy 
metals and PAHs). Chemical properties such as Organic Carbon Partitioning 
Coefficient (Koc) and Dissolved Organic Carbon Partitioning Coefficient (Kdoc)  for 
each of these were obtained from the provided CapSim General Chemical 
Database.  
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2) Cap Characteristics: The model allows for separate or mixed (homogenous) layers 
for the cap. Both conditions were evaluated since PPB treatment provides a 
homogeneous sand/PAC mixtures whereas the untreated controls resulted in 
segregated sand and PAC layers In both cases, an underlying layer of sediment was 
chosen with a porosity of 0.5 and bulk density of 1.25g/cc as recommended by 
CapSim. The cap layers of interest were sand and PAC. Saxton Falls sand properties 
were inputted into the software with an assumed porosity of 0.5, and a bulk density 
of 1.66 g/cc. GC Activated Carbon was the selected PAC with an assumed porosity 
of 0.6, and a bulk density of 0.5 g/cc. 
3) Sorption Isotherms: CapSim allows for various types of adsorption isotherms. 
Options include Langmuir and Freundlich isotherms. The Freundlich isotherm was 
selected because activated carbon has been shown to display non-linear sorption 
trends (Ngakou et al., 2019), so an empirically driven isotherm was deemed 
preferable. CapSim also provided Freundlich parameters for adsorption isotherms 
which were inputted into the design process.  
4) Layer Inputs: For Heterogenous caps, the thickness of each layer component could 
be customized. Overall cap thickness for treated and untreated simulations were set 
at 12 centimeters, as suggested by CapSim. For untreated caps, two centimeters of 
the 12-cm thickness were set as the PAC layer, and the remaining 10 cm was the 
sand layer. This 1:5 ratio was estimated based on the experimental sand/PAC ratio 
measured during lab visualization tests, shown in Figure 7.  
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          Figure 7. Visualization test of untreated sand/PAC cap displaying heterogeneous layering 
5) Kinetics Processes: No specific kinetic processes were inputted into the system, as 
the kinetics were not evaluated in this study. 
6) Flow Conditions: Basic assumptions and simplifications were made for this step. 
For the input flow velocity, a Darcy velocity of 365cm/yr for a river with tidal 
fluctuations was chosen. Using values found in literature, an average bioturbation 
depth of 5.3 cm and intensity of 3.9 cm2/yr in freshwater systems and 12.3 cm and 
125 cm2/yr, in estuarine systems were inputted into the system (Reible, 2014). 
Consolidation was inputted as 15 cm over a period of 1 year as a default value in 
CapSim. 
7) Boundary Concentrations: For the sediment layer, an initial concentration of 100 
ug/L was assumed for all contaminants modeled.  
8) Duration Time: A cap longevity of 40 years was chosen. 
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4 Results and Discussion 
 
4.1 Direct Shear Results and Discussion 
The experimental Direct Shear tests discussed below were based on relatively 
saturated samples (approximately 20% moisture content), with three different PPB 
formulations tested. The first was a PPB control test with 5% by weight GC PAC with 
sand. The second was a PAC control test with 0.5% SED-3 by weight and sand. The final 
formulation tested had both cap amendments present, 0.5% SED-3 and 5% GC PAC by 
weight mixed together with sand. All formulations were tested in triplicate under similar 
conditions. Results for all individual trials of each formulation are presented in the 
Appendix. 
       Table 2. Average Shear Stress and Soil Cohesion values for PPB control 
 
 
 
 
 
 
 
 
5% GC Powdered no SED3 
Trial Average 
Normal Stress 
(psi) 
Shear Stress 
(psi) 
6.95 3.0 
13.89 7.4 
20.83 11.0 
27.78 15.6 
Soil Cohesion 1.05 
Frictional Angle 30.71 
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                Table 3 Average Shear Stress and Soil Cohesion values for PAC control 
 
 
 
 
             
 
 Table 4. Average Shear Stress and Soil Cohesion values for both amendments present 
 
 
 
 
  Based on soil cohesion values calculated and averaged from each of the three 
formulations tested, some observations can be made about the effects the PPB treatment 
on sand-based capping systems. With respect to erosion resistance, the PPB treatment of 
sand/PAC mixtures leads to a 90% increase in cap cohesion. This suggests that the 
biopolymer helps increase sand cohesion the most when integrated with a PAC 
amendment. The figure below graphically represents the Mohr Coulomb envelope for the 
data tabulated above. In summary, with regards to cap and erosion resistance, the direct 
shear test results indicate that SED-3 treatment provides significantly higher cohesion to 
sand/PAC mixtures. 
0.5% SED3 no GC Powdered AC 
Trial Average 
Normal Stress 
(psi) 
Shear Stress 
(psi) 
6.95 3.2 
13.89 7.8 
20.83 11.4 
27.78 15.1 
Soil Cohesion 0.49 
Frictional Angle 29.55 
0.5% SED3 + 5% GC Powdered AC 
Trial Average 
Normal Stress 
(psi) 
Shear Stress 
(psi) 
6.95 2.3 
13.89 7.5 
20.83 11.3 
27.78 15.6 
Soil Cohesion 1.92 
Frictional Angle 32.86 
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Figure 8. Mohr-Coulomb failure envelopes for various formulations tested 
4.2  PAC Visualization Test Results and Discussion 
Turbidity testing was conducted to assess the effect of the PPB treatment on PAC 
dispersion in sand/PAC mixtures to stimulate PAC dispersion that may occur during 
sand/PAC placement in the field. Three different types of PAC (GC, Hydrosil, and Cabot)  
were tested at different concentrations. SED-3 was originally used for PPB testing for all 
three PAC types. However, another PPB formulation SF-2, was also tested on Cabot 
because of its improved turbidity reduction results compared to SED-3. Various PAC 
concentrations were also tested at different moisture contents to assess the impact of 
moisture content on turbidity. The data presented in Tables 5, 6, and 7 illustrate the 
optimum turbidity reduction and % carbon settled results for all 3 PAC types tested under 
various conditions. Additional testing results are included in the Appendix.   
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Table 5. GC PAC testing results 
 
Table 6. Hydrosil PAC testing results 
 
Table 7. Cabot PAC testing results 
 The results show the formulations for each of the three PACs tested that yielded the best 
results with regards to minimizing turbidity and maximizing the percentage of settled carbon from 
the water phase. For all 3 PACs tested, PPB dosages of less than 1% resulted in greater than 
93% turbidity reduction for all PAC types throughout the testing period. The results also  
indicate that higher PAC concentrations (10%) can be used with sand and SED-3 without 
increasing turbidity. The results presented above demonstrate how PPB treatment can minimize 
carbon resuspension concerns during cap placement, suggesting that sand/PAC placement using 
PPB technology can be an effective method to cap contaminated sediment. 
GC Powdered Activated Carbon 5 min 
NTU/%Settled 
10 min 
NTU/%Settled 
30 min 
NTU/%Settled 
1) Control (sand, 10% PAC, 20% 
moisture): 
>3000/0 >3000/0 2208/0 
2) Treated with  0.5% SED-3 4.9/98.6 4.5/98.6 4.1/98.6 
% NTU reduction / %Settled 
difference 
>99/98.6 >99/98.6 99.81/98.6 
Hydrosil Powdered Activated 
Carbon 
5 min 
NTU/%Settled 
10 min 
NTU/%Settled 
30 min 
NTU/%Settled 
1) Control (sand, 5% PAC, 20% 
moisture): 
2458/9.44 1057/61.48 387/86.37 
2) Treated with  0.5% SED-3 5.9/100 4.9/100 3.7/100 
% NTU reduction / %Settled 
difference 
99.76/90.56 99.54/38.52 99.81/13.63 
Cabot Powdered Activated 
Carbon 
5 min 
NTU/%Settled  
10 min 
NTU/%Settled 
30 min 
NTU/%Settled 
1) Control (sand, 5% PAC, 20% 
moisture): 
122/96 84/96.8 70/97.1 
2) Treated with  0.75% SF-2 6.9/98.5 5.5/98.6 3.5/98.6 
% NTU reduction / %Settled 
difference 
94.3/2.5 93.4/1.8 95/1.5 
26 
 
4.3  CapSim Modeling Results and Discussion 
  CapSim software was used to estimate the concentration profile of three environmental 
contaminants in sand caps. Since untreated sand/PAC mixtures resulted in two separate layers at 
the bottom of the water column (Figure 9) and the PPB-treated sand/PAC mixtures resulted in a 
homogeneous layer, Capsim was used to assess whether contaminant concentration profiles varied 
between the two cases (layered vs homogenous).  
 
 
 
 
 
 
 
 
    Figure 9. Side by side comparison of PPB treated (left) and untreated (right) sand/PAC placement 
Mercury, Methylmercury, and Phenanthrene were the contaminants used in the model. The 
model was run over a 40-year time period. Side by side comparisons of treated (homogenous layer) 
and untreated (layered) caps for each contaminant are presented in Figures 10 through 15. 
27 
 
 
 
 
 
 
   
 
      Figure 10. CapSim Model Output for Mercury contaminated sediment under an untreated cap 
                     
 
 
 
 
 
 
                                          
Figure 11. CapSim Model Outputs for Mercury contaminated sediment under a treated cap 
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         Figure 12. CapSim Model Output for Methylmercury contaminated sediment under an untreated cap  
        Figure 13. CapSim Model Output for Methylmercury contaminated sediment under a treated cap 
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       Figure 14. CapSim Model Output for Phenanthrene contaminated sediment under an untreated cap  
       Figure 15. CapSim Model Output for Phenanthrene contaminated sediment under a treated cap 
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 A comparison of the results obtained for the three contaminants indicates that the 
contaminant porewater concentrations at the end of the 40 years were approximately 20% lower 
in the homogeneous layer (PPB-treated case) than the layered case (untreated case). This indicates 
that having a homogeneous layer of sand and PAC as a result of the PPB treatment provides 
more effective contaminant adsorption.  
5 Conclusion  
The laboratory test results indicate that sand/PAC mixtures treated with PPBs exhibit a 
90% increase in cohesion, and a > 93% reduction in water turbidity. The PPB treatment also 
results in a homogeneous mixture of sand and PAC that remains homogeneous when placed in a 
water column. At the end of a 40-yr run, CapSim modeling results indicate that contaminant 
porewater concentrations at the top of a sand/PAC cap were approximately 20% lower when a 
homogeneous sand/PAC layer was present (PPB-treated case) than when stratified sand and PAC 
layers are present (untreated case). This indicates that having a homogeneous layer of sand and 
PAC as a result of the PPB treatment provides more effective contaminant adsorption, thereby 
reducing recontamination risks of the water column even  after decades of cap installation. The 
results of the study indicate that PPB-treated sand/PAC is a promising method for the design of 
effective and less erosion-prone sediment capping systems. 
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7 Appendix 
 
7.1  Direct Shear Full Testing Results 
0.5% SED 3 + 5% GC Powdered AC 
Trial 1 Trial 2 Trial 3 Trial Average 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
6.95 1.5 6.95 2.9 6.95 2.6 6.95 2.3 
13.89 8 13.89 8 13.89 6.6 13.89 7.5 
20.83 11.3 20.83 11.7 20.83 10.9 20.83 11.3 
27.78 16.1 27.78 15 27.78 15.7 27.78 15.6 
      
Soil 
Cohesion 1.92 
      
Frictional 
Angle 32.8634 
 
 
0.5% SED 3 No GC Powdered AC 
Trial 1 Trial 2 Trial 3 Trial Average 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
6.95 2.6 6.95 3.3 6.95 3.6 6.95 3.2 
13.89 8 13.89 7.3 13.89 8 13.89 7.8 
20.83 10.9 20.83 11.7 20.83 11.7 20.83 11.4 
27.78 15.7 27.78 14.2 27.78 15.3 27.78 15.1 
      
Soil 
Cohesion 0.49 
      
Frictional 
Angle 29.5541 
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5% GC Powdered no SED3 
Trial 1 Trial 2 Trial 3 Trial Average 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
Normal 
Stress (psi) 
Shear 
Stress 
(psi) 
6.95 2.9 6.95 2.9 6.95 3.3 6.95 3.0 
13.89 8 13.89 6.9 13.89 7.3 13.89 7.4 
20.83 10.9 20.83 11.3 20.83 10.9 20.83 11.0 
27.78 15.7 27.78 16.4 27.78 14.6 27.78 15.6 
      
Soil 
Cohesion 1.05 
      
Frictional 
Angle 30.7070 
        
  
7.2 PAC Visualization Turbidity Testing Full Results 
C* =  PAC concentration in water phase (g/L) 
%C* = Percent PAC in the water phase 
%S = Percent PAC settled in sand layer 
 
Saxton Falls Sand, 5% GC 
Powdered PAC, dry 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C*/
%S 
30 min 
NTU/C*/%C*/
%S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (5% PAC): 
2139/5.95/100
/0 
1254/3.54/70.8
0/29.2 503/1.50/30/70 
45/0.25/0.05/9
9.95 
 
 
Saxton Falls Sand, 5% GC 
Powdered PAC; 10% moisture: 
5 min 
NTU/C*/%C*
/%S 
10 min 
NTU/C*/%C*/
%S 
30 min 
NTU/C*/%C*/
%S 
24 hrs 
NTU/C*/%C*
/%S 
1) Control (5% PAC, 10% 
moisture): 
1079/3.06/61
.28/38.72 
907/2.60/51.9
2/48.08 
546/1.61/32.2
8/67.72 
54.6/0.28/5.5
4/94.46 
2) 0.5% SED 3: 
18.2/0.18/3.5
6/96.44 
16.4/0.17/3.4
6/96.54 
15.2/0.17/3.40
/96.6 
4.63/0.14/2.8
2/97.18 
% reduction NTU/C*/%C* 
98.31/94.12/
94.19/5.81 
98.19/93.46/9
3.33/6.66 
97.22/89.44/8
9.47/10.53 
91.52/50/49.1
/50.9 
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Saxton Falls Sand, 10% GC 
Powdered PAC; 10% moisture: 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C*/
%S 
30 min 
NTU/C*/%C*/
%S 
24 hrs 
NTU/C*/%C*
/%S 
1) Control (10% PAC, 10% 
moisture): 
822/2.36/23.6
5/76.35 
679/1.98/19.7
6/80.24 
467/1.4/13.99
/86.01 
44.4/0.25/2.5
/97.5 
2) 0.5% SED 3: 
201/0.68/6.8/
93.2 
197/0.66/6.6/
93.4 
121/0.46/4.6/
95.4 
37.6/0.23/2.3
/97.7 
% reduction NTU/C*/%C* 
75.55/71.19/7
1.25/28.75 
70.99/66.66/6
6.60/33.4 
74.09/67.14/6
7.12/32.88 15.31/8/8/92 
 
Sand, 5% GC Powdered PAC; 
20% moisture*: 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/
%S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (5% PAC, 20% 
moisture): > 3,000 2480/4.8/96/4 766/2.21/44/56 
45.2/0.25/5.0/
95 
2) 0.5% SED 3: 
12.9/0.16/3.27
/96.7 
9.2/0.15/3.07/
96.9 8/0.15/3.0/97 
2.9/0.14/2.7/9
7.3 
% reduction NTU/C*/%C* >99% 
99.63/97.82/9
6.93 
98.96/93.21/93.
18 93.58/44/46 
 
Sand, 10% GC Powdered 
PAC; 20% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (10% PAC, 20% 
moisture): >3000 >3000 
2208/6.14/100/
0 
301/0.95/9.47/
90.53 
2) 0.5% SED 3: 
4.9/0.14/1.4/9
8.6 
4.5/0.14/1.4/9
8.6 
4.1/0.14/1.4/98
.6 
2.5/0.135/1.35
/98.65 
% reduction NTU/C*/%C* >99% >99% 
99.81/97.72/98.
6 
99.17/85.79/85
.74 
 
Sand, 20% GC Powdered 
PAC; 20% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (20% PAC, 20% 
moisture): 
2161/6.01/30.
04/69.96 
1220/3.45/17.
24/82.76 
323/1.01/5.04/
94.96 
16.2/0.17/0.86
/99.14 
2) 0.5% SED 3: 101/0.40/2/98 
87.2/0.37/1.8/
98.2 
63.7/0.3/1.5/98
.5 
14.2/0.17/0.84
/99.16 
% reduction NTU/C*/%C* 
95.34/93.34/9
3.34 
92.85/89.28/8
9.56 
80.28/70.30/70.
24 12.34/0/2.32 
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Sand, 30% GC Powdered 
PAC; 20% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (30% PAC, 20% 
moisture): 
2660/7.37/24.
55/75.45 
2240/6.22/20.
74/79.26 
970/2.77/9.23/
90.77 
42.1/0.24/0.81
/99.19 
2) 0.5% SED 3: 
660/1.92/6.4/9
3.6 
120/0.45/1.5/9
8.5 
48.8/0.26/0.87/
99.13 
41.3/0.24/0.80
/99.2 
% reduction NTU/C*/%C* 
75.19/73.95/7
3.93 
94.64/92.77/9
2.77 
94.97/90.61/90.
57 1.90/0/1.23 
 
Sand, 50% GC Powdered 
PAC; 20% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (50% PAC, 20% 
moisture): >3000 >3000 
1920/5.35/10.7
0/89.3 
72/0.32/0.65/9
9.35 
2) 0.5% SED 3: 
1260/3.56/7.1
1/92.89 
744/2.15/4.31/
95.69 
38.6/0.23/0.47/
99.53 
35.5/0.23/0.45
/99.55 
% reduction NTU/C*/%C* >58% >75.2% 
97.99/95.70/96.
61 
50.69/28.13/30
.77 
 
Sand, 20% GC Powdered 
PAC; 30% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (20% PAC, 30% 
moisture): >3000 >3000 
2105/5.86/29.2
8/70.72 
51/0.27/1.34/9
8.66 
2) 0.5% SED 3: 
3.2/0.137/0.69
/99.31 
2.5/0.135/0.68
/99.32 
2.2/0.134/0.67/
99.33 
2.1/0.134/0.67
/99.33 
% reduction NTU/C*/%C* >99% >99% 
99.90/97.71/97.
71 
95.88/50.37/50
.0 
 
Sand, 30% GC Powdered 
PAC; 35% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (30% PAC, 35% 
moisture): 
1150/3.26/10.
86/89.14 
995/2.84/9.45/
90.55 
548/1.62/5.40/
94.6 
10.5/0.16/0.52
/99.48 
2) 0.5% SED 3: 
6.7/0.15/0.49/
99.51 
4.6/0.14/0.47/
99.53 
3.9/0.139/0.46/
99.54 
2.15/0.134/0.4
5/99.55 
% reduction NTU/C*/%C* 
99.42/95.40/9
5.49 
99.54/95.07/9
5.03 
99.29/91.42/91.
48 
79.52/16.25/14
.12 
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Sand, 50% GC Powdered 
PAC; 40% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (50% PAC, 40% 
moisture): 
702/2.04/4.08/
95.92 
495/1.46/2.95/
97.05 
310/0.97/1.94/
98.06 
7.3/0.15/0.30/
99.7 
2) 0.5% SED 3: 
394/1.2/2.4/97
.6 
302/0.95/1.9/9
8.1 
201/0.68/1.4/9
8.6 
20.3/0.18/0.37
/99.63 
% reduction NTU/C*/%C* 
43.87/41.18/4
1.18 
38.99/34.93/3
5.59 
35.16/29.90/27.
84 No reductions 
 
Sand, 50% GC Powdered 
PAC; 80% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) 1% SED 3: 
4.4/0.14/0.28/
99.72 
3.5/0.138/0.27
/99.73 
2.5/0.135/0.27/
99.73 
2.0/0.134/0.27
/99.73 
 
Saxton Falls Sand, 5% 
Hydrosil PAC; dry 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C*/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/
%S 
1) Control (5% PAC): >3000 
1484/2.72/54.3
8/45.62 
315/0.55/10.96/
89.04 
51/0.06/1.15/9
8.85 
 
Sand, 5% Hydrosil PAC; 
20% moisture* 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (5% PAC, 20% 
moisture*): 
2458/4.53/90.5
6/9.44 
1057/1.93/38.5
2/61.48 
387/0.68/13.63/
86.37 18.2/0/0/100 
2) 0.5% SED 3: 5.9/0/0/100 4.9/0/0/100 3.7/0/0/100 2.32/0/0/100 
% reduction NTU/C*/%C* 99.76/100/100 99.54/100/100 99.04/100/100 82.42/100/100 
 
Sand, 10% Hydrosil PAC; 
20% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (10% PAC, 20% 
moisture): 
2860/5.27/52.7
4/47.26 
1372/2.51/25.1
/74.9 
408/0.72/7.21/9
2.79 11.9/0/0/100 
2) 0.5% SED 3: 
170/0.28/2.79/
97.21 
108/0.16/1.63/
98.37 
51.7/0.06/0.59/
99.41 8.89/0/0/100 
% reduction NTU/C*/%C* 
94.06/94.69/94
.71 
92.13/93.63/93
.51 
87.33/91.67/91.
82 25.29/0/0 
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Sand, 20% Hydrosil PAC 
20% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (20% PAC, 20% 
moisture): >3000 
1993/3.66/18.3
2/81.68 
390/0.69/3.44/9
6.56 20.8/0/0/100 
2) 0.5% SED 3: 
450/0.80/3.99/
96.01 
301/0.52/2.6/9
7.4 
147/0.24/1.18/9
8.82 
42.4/0.04/0.21/
99.79 
% reduction NTU/C*/%C* >85% 
84.90/85.79/85
.81 
62.31/65.22/65.
70 No reduction 
 
Sand, 50% Hydrosil PAC 
20% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (50% PAC, 20% 
moisture): >3000 
2089/3.84/7.69
/92.31 
284/0.49/.98/99
.02 
38/0.03/0.01/9
9.99 
2) 0.5% SED 3: 
443/0.79/1.57/
98.43 
321/0.56/1.12/
98.88 
177/0.29/0.58/9
9.42 9.8/0/0/100 
% reduction NTU/C*/%C* >85.23% 
84.63/85.42/85
.44 
37.68/40.82/40.
82 74.21/100/100 
 
Sand, 10% Hydrosil PAC; 
30% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (10% PAC, 30% 
moisture): 
1335/2.44/24.4
2/75.58 
758/1.37/13.71
/86.29 
374/0.66/6.57/9
3.43 6.2/0/0/100 
2) 0.5% SED 3: 
25.4/0.01/0.1/9
9.9 
21.1/0.002/0.0
2/99.98 17.2/0/0/100 0.9/0/0/100 
% reduction NTU/C*/%C* 
98.1/99.59/99.
96 
97.22/99.85/99
.85 95.40/100/100 85.48/0/0 
 
Sand, 10% Hydrosil PAC; 
40% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) 0.5% SED 3: 
38.6/0.035/0.3
5/99.65 
34.8/0.027/0.2
7/99.73 
24.7/0.009/0.09
/99.91 1.4/0/0/100 
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Sand, 20% Hydrosil PAC, 
30% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (20% PAC, 30% 
moisture): 
2316/4.26/21.3
2/78.68 
1086/1.98/9.90
/90.1 
425/0.75/3.76/9
6.24 16/0/0/100 
2) 0.5% SED 3: 
260/0.45/2.23/
97.77 
228/0.39/1.93/
98.07 
92/0.13/0.67/99
.33 
23.1/0.006/0.03
/99.97 
% reduction NTU/C*/%C* 
88.77/89.44/89
.54 79.0/80.3/80.5 
78.35/82.67/82.
18 No reduction 
 
Sand, 50% Hydrosil PAC 
40% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (20% PAC, 30% 
moisture): >3000 >3000 
425/0.75/1.50/9
8.5 
43.1/0.043/0.09
/99.91 
2) 0.5% SED 3: >3000 
686/1.24/2.47/
97.53 
225/0.38/0.76/9
9.24 
22/0.004/0.01/
99.99 
% reduction NTU/C*/%C* Unknown >77.13% 
47.06/49.33/49.
33 
48.96/90.70/92.
22/ 
 
Saxton Falls Sand, 5% 
Cabot PAC; dry 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C*/%
S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (5% PAC): 
276/0.60/12.0/
88 
222/0.50/10.07/
89.93 
146/0.37/7.34/9
2.66 
13/0.13/2.57/9
7.43 
 
Sand, 5% Cabot PAC; 
20% moisture 
5 min 
NTU/C*/%C*/%
S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (5% PAC): 
303/0.65/12.98
/87.02 
271/0.59/11.83/
88.17 
183/0.43/8.67/9
1.33 
13.2/0.13/2.57/
97.43 
2) 0.5% SED 3: 
366/0.76/15.24
/84.76 
301/0.65/12.91/
87.09 
143/0.36/7.23/9
2.77 
7.2/0.12/2.36/9
7.64 
% reduction 
NTU/C*/%C* No reduction No reduction 
21.86/16.28/16.
61 45.45/7.69/8.17 
3) 1% SED 3 
490/0.98/19.7/
80.3 
312/0.67/13.3/8
6.7 
132/0.34/6.84/9
3.16 
7.8/0.12/2.38/9
7.62 
% reduction 
NTU/C*/%C* No reduction No reduction 
27.87/20.93/21.
10 
40.91/7.69/7.39
/92.61 
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Sand, 20% Cabot PAC; 
20% moisture 
5 min 
NTU/C*/%C*/%
S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (20% PAC, 
20% moisture): 
184/0.44/2.18/
97.82 
148/0.37/1.85/
98.15 
112/0.31/1.53/9
8.47 
18/0/14/0.69/99
.31 
2) 0.5% SED 3: 
320/0.68/3.40/
96.6 
224/0.51/2.54/
97.46 
121/0.32/1.61/9
8.39 
9.4/0.12/0.61/99
.39 
% reduction 
NTU/C*/%C* No reduction No reduction No reduction 
47.78/14.29/11.
59/88.41 
 
Sand, 50% Cabot PAC; 
20% moisture 
5 min 
NTU/C*/%C*/%
S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (50% PAC, 20% 
moisture): 
128/0.33/0.67/
99.33 
118/0.32/0.63/
99.37 
89.7/0.27/0.53/9
9.47 
12.9/0.13/0.26/
99.74 
2) 0.5% SED 3: 
186/0.44/0.88/
99.12 
156/0.39/0.77/
99.23 
101/0.29/0.57/9
9.43 
6.3/0/12/0.23/9
9.77 
% reduction 
NTU/C*/%C* No reduction No reduction No reduction 
51.12/7.69/11.5
4/88.46 
 
Sand, 20% Cabot PAC; 
40% moisture 
5 min 
NTU/C*/%C*/%
S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (20% PAC, 40% 
moisture): 
290/0.63/3.13/
96.87 
250/0.55/2.77/
97.23 
114/0.31/1.55/9
8.45 
7.12/0.12/0.59/
99.41 
2) 0.5% SED 3: 
309/0.66/3.30/
96.7 
268/0.59/2.53/
97.47 
169/0.41/2.04/9
7.96 
5.94/0.12/0.58/
99.42 
% reduction 
NTU/C*/%C* No reduction No reduction No reduction 
16.57/0/1.69/98
.31 
 
Sand, 50% Cabot PAC; 
40% moisture 
5 min 
NTU/C*/%C*/
%S 
10 min 
NTU/C*/%C/%S 
30 min 
NTU/C*/%C*/%
S 
24 hrs 
NTU/C*/%C*/%
S 
1) Control (50% PAC, 
40% moisture): 
149/0.37/0.75/
99.25 
124/0.33/0.66/9
9.34 
86/0.26/0.52/99
.48 
8.70/0.12/0.24/
99.76 
2) 0.5% SED 3: 
116/0.31/0.63/
99.37 
103/0.29/0.58/9
9.42 
72/0.23/0.47/99
.53 
7.67/0.12/0.24/
99.76 
% reduction 
NTU/C*/%C* 
22.15/16.22/16
.0/84.0 
16.94/12.12/12.
12/87.88 
16.28/11.54/9.6
2/90.38 11.84/0/0/100 
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7.3 PAC Visualization Calibration Curve Testing Results 
Mass of  GC Powdered PAC (g) 
Turbidity 
(NTU) 
0 0.832 
0.01 163 
0.02 167 
0.03 367 
0.04 485 
0.05 667 
0.07 1054 
 
 
 
 
 
 
 
 
 
Cabot Powdered Activated Carbon 5 min 
NTU/%Settled  
10 min 
NTU/%Settled 
30 min 
NTU/%Settled 
1) Control (sand, 5% PAC, 20% 
moisture): 
122/96 84/96.8 70/97.1 
2) Treated with  0.5% SF-2 47.3/97.6 38.9/97.6 25.6/98.1 
% NTU reduction / %Settled 
difference 
61.2/1.6 53.7/1 63.4/1 
y = 14702x - 47.227
R² = 0.9714
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Mass of  Hydrosil PAC (g) 
Turbidity 
(NTU) 
0 1.54 
0.01 186 
0.02 387 
0.03 795 
0.04 882 
0.05 1211 
0.07 1416 
 
 
 
 
 
 
 
 
 
Mass of  Cabot PAC (g) 
Turbidity 
(NTU) 
0 1.28 
0.01 123 
0.02 321 
0.03 607 
0.04 827 
0.05 1151 
0.07 1463 
y = 21538x + 20.033
R² = 0.9706
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y = 22286x - 58.52
R² = 0.9884
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